Introduction. Osteoporosis and osteopenia are related to changes in the quantity and quality of skeletal muscle and contribute to a decreased level of muscle strength. The purpose of this study was to evaluate the impact of Nordic walking training on muscle strength and the electromyographic (EMG) activity of the lower body in women with low bone mass. Material and methods. The participants of the study were 27 women with low bone mass. The sample was randomly divided into two groups: a control group and an experimental group. Women from the experimental group participated in 12 weeks of regular Nordic walking training. Functional strength was assessed with a 30-second chair stand test. The EMG activities of the gluteus maximus (GMax), rectus femoris (RF), biceps femoris (BF), soleus (SOL), and lumbar (LB) muscles were measured using a surface electromyogram. Results. Nordic walking training induced a significant increase in the functional strength (p = 0.006) of the lower body and activity of GMax (p = 0.013) and a decrease in body mass (p = 0.006) in women with reduced bone mass. There was no statistically significant increase in the EMG activities of the RF, BF, SOL, or LB muscles. The study did not indicate any significant changes in functional muscle strength, the EMG activity of the lower body, or anthropometry in women from the control group. Conclusions. Nordic walking training induces positive changes in lower body strength and the electromyographic activity of the gluteus maximus as well as a decrease in body mass in women with low bone mass.
Introduction
Nordic walking (NW) has become very popular nowadays. A recent study found that 10 million people participate in this sporting activity in various countries [1] . Existing research mainly focuses on presenting it as beneficial for the elderly [2] . Hagner et al. state that a 12-week moderate intensity Nordic walking programme can cause significant decreases in BMI, total fat mass, LDL, triglycerides, and waist circumference as well as an increase in HDL in premenopausal and perimenopausal women [3] . Other studies suggest that marching with poles is effective in improving the physical fitness of elderly people [4, 5] . Moreover, it exerts beneficial effects on resting heart rate, blood pressure, exercise capacity, maximal oxygen consumption, and quality of life in patients with various diseases and can thus be recommended to a wide range of people as primary and secondary prevention [6] . It was also revealed that NW has a favourable influence on the strength of the lower limbs in Systolic Hypertensive Postmenopausal Women [7] . However, in the literature on this subject, we have not found any research that would demonstrate the influence of Nordic walking training on muscle strength and the electromyographic activity of the lower body in women with low bone mass. The problem of strength loss in women with osteoporosis is especially crucial in the light of recent studies which show that postmenopausal women with osteopenia have 17.6-21% lower quadriceps strength than healthy control subjects [8] . Higher lean mass and muscle strength were positively associated with BMDs [9] . Sarcopenia, on the other hand, is associated with low BMD and osteoporosis. Subjects with sarcopenia were twice as likely to have osteoporosis as normal subjects [9] . According to the findings of other studies, osteoporosis in connection with the postmenopausal period can negatively affect the growth of leg strength in physically active women to a significant extent. Brench et al. report that women with postmenopausal osteoporosis presented diminished knee extensor and flexor muscle strength compared to women without postmenopausal osteoporosis [10] .
Leg muscle strength is important because it affects the limits on the performance of daily activities. One of the important basic tasks of daily living is rising from a chair, a type of motion Pol. J. Sport Tourism 2016, 23, [88] [89] [90] [91] [92] [93] which requires important joint torques, coordination, and accurate balance control. With ageing, the ability to rise from a chair and sit down tends to deteriorate, which constitutes a major source of disability and handicap [11] . This raises the risk of falling, causes the elderly to be increasingly dependent on others in daily living activities, and can lead to institutionalisation [12] . Therefore, it was decided that the best procedure to make an assessment of muscle strength was to apply a functional test, specifically the 30-second chair stand test, which is recommended for planning and organising rehabilitation for elderly people [13] .
The purpose of the study was to evaluate the impact of NW training on functional muscle strength and the electromyographic activity of the lower body in women with low bone mass.
Material and methods
Twenty-seven subjects aged 65-75 (68.52 ±4.79) years were included in the study. The participants were women with low bone mass defined by a T-score ≤ −1 [14] . All the participants were recruited from the 740 women who agreed to take part in the primary screening and attended a variety of lectures at the University of the Third Age. The sample was randomly divided into two groups. The first group was a control group (CG) consisting of 14 women (68.57 ±4.7 years). Participants in the control group were involved in normal daily activities according to their age range. None of the subjects were engaged in an organised physical activity regimen. Women from the second group, called the experimental group (EG), participated in regular Nordic walking training (n = 13; 68.46 ±5.08 years). Subjects were excluded from the study according to the following criteria: uncontrolled hypertension, oophorectomy, rheumatoid arthritis, pulmonary disease, or type 2 diabetes treated with insulin.
All of the participants recruited for this study had to undergo a compulsory medical examination which revealed no contraindications to physical exercise. This experiment was approved by the Bioethics Committee of the Regional Medical Chamber.
Measures
The participants were tested two times -prior to the beginning of the training programme (baseline) and after three months of training (post-training).
Assessment of anthropometry
Body weight was measured with octopolar bioimpedance (InBody 720, Biospace, Seoul, Korea), using standard protocols with participants wearing light clothing and without shoes.
Body height was measured to an accuracy of 0.1 cm. During the measurement, the subject was placed barefoot in the orthostatic position. The body mass index was calculated as body mass divided by height 2 (kg/m 2 ).
Assessment of strength and surface EMG
Functional lower body strength was assessed using a 30-second chair stand test from the Senior Fitness Test battery [15] . The chair stand test measured the number (repetitions) of full stands that were completed in 30 seconds with the arms folded across the chest. The starting position before each trial was standardised by adjusting the foot placement and chair height.
During the 30-second chair stand test, women had bipolar self-adhesive electrodes put on the chosen muscles of the lower body. The electrodes registered muscle activity during muscle contraction, which made it possible to measure surface EMG using a TELEmyo Direct Transmission System (Noraxon U.S.A. Inc.). EMG data were collected using the software application MyoResearch_XP Master Edition. The electrodes were placed on the skin over the bellies of the gluteus maximus (GMax), rectus femoris (RF), biceps femoris (BF), soleus (SOL), and lumbar (LB) muscles.
Electromyographic data were synchronised with a cinematic system to define the beginning and end of each 30-second chair stand test. Cinematic data were recorded with a digital camera (Sony NEX-FS700R) and analysed using the MyoResearch_XP Master Edition system.
Training programme
All the exercise sessions, each lasting 60 min, were held outdoors, three times a week for 12 weeks. Each training unit consisted of three phases. During the warm-up phase (10-13 min), the women performed exercises with poles. The main part of the Nordic walking training (40 min) consisted in walking a distance of 3-4 km with poles, with an average heart rate of between 40-60% of an age-dependent maximal heart rate calculated using the following formula: (HRmax − HRrest) x (0.4 to 0.6) + HRrest; HRmax = 206 − 0.88 x age [16] . The cool down exercises (7-10 min) included dynamic and static stretching. The heart rate was monitored using a Polar RS-400 heart-rate monitor (Polar Electro Oy, Finland).
Statistical analysis
Standard statistical methods were used to calculate means and standard deviations (mean ± standard deviation). The Shapiro-Wilk test was used to check the normality of the data. The paired t-test or the Wilcoxon test was used for within-group comparisons. Between-group comparisons of percentage difference changes were performed using the Mann-Whitney U test. In addition, effect size was calculated to describe the magnitude of a treatment effect.
All data were analysed using the statistical package Statistica 10 (StatSoft, 2010). The level of significance was set at p < 0.05.
Results
The anthropometric data and results recorded for muscle strength and electromyographic activity in the subjects with low bone mass are shown in table 1.
At baseline, no statistically significant differences were observed between the EG and CG in the parameters analysed. However, within-group analysis performed after 3 months showed a significant improvement in lower limb strength (p = 0.006) in the EG. In the CG, the change in the mean results obtained in the 30-second chair stand test was not statistically significant.
The changes in the average results for lower limb strength in subjects from the CG and EG are presented in figures 1 and 2.
Tests also revealed a significant increase in the electromyographic activity of the gluteus maximus (p = 0.01) in subjects taking part in NW training. However, after 3 months, a higher dispersion of EMG results was noted (especially in the EG). Table 1 presents the values of the standard deviations, which support this observation. Additionally, there was no statistical improvement in the activity of the muscles analysed in women from the CG. The mean changes in the EMG activity of the lower body of the participants are presented in figures 3 and 4. 
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Moreover, Nordic walking training significantly decreased BM (p = 0.006) and BMI (p = 0.05) in women with low bone mass. Conversely, no significant change in muscle strength, electromyographic activity, or anthropometry was observed.
After 3 months, differences in the analysed variables between the EG and CG were not statistically significant.
Discussion
Changes in muscle strength and the electromyographic activity of the lower limbs are pronounced during the ageing process [17] . Such changes are especially dangerous for women with low bone mass [18] .
Amaral et al. claim that the lower limbs are more affected by ageing than the upper limbs, as demonstrated by a greater reduction in isometric muscle strength, fat-free mass, and EMG signal power. They suggest that differences between the upper and lower limbs are related to neuromuscular adaptations derived from greater activation of the upper limbs, as compared to the lower limbs. Therefore, exercises requiring more frequent activation of lower-limb muscles may be beneficial [17] .
The results obtained during the 30-second chair stand test showed that mean muscle strength rose by 7.31% as a result of NW, which was a statistically significant change.
A similar tendency was observed in other studies. Kocur et al. described the effects of Nordic walking on functional fitness in cardiac patients. These authors also found improvements in muscle strength after Nordic walking, but not after conventional walking [19] . This research demonstrates that greater strength benefits can be derived from Nordic walking, as compared to conventional walking. However, when comparing the strength benefits of Nordic walking to resistance training, the improvements in arm curl and chair stand observed for Nordic walking were smaller than those observed for resistance training alone [20] . Therefore, although Nordic walking provides benefits to muscular strength, if one is to maximise improvements in muscular strength, resistance training should be employed.
Hughes et al. estimate that elderly subjects use up to 97% of the strength of their knee extensors when rising from a low chair [21] . Even if the knee extensor group is often considered as the main actor in the sit-to-stand (STS) movement, Gross et al. state that the hip extensors (gluteus maximus) play a role which is even more important than that of the knee extensors, in particular in the vertical acceleration phase [22] . The present study has also demonstrated a positive, though not statistically significant, improvement of the electromyographic activity of the rectus femoris (50.3%), biceps femoris (40.27%), soleus (32.25%), and lumbar (56.82%) muscles in women from the EG.
The study conducted by us did not reveal any significant change in functional muscle strength or the electromyographic activity of the lower body in women from the CG.
To our knowledge, there is a lack of research showing the impact of Nordic walking training on the electromyographic activity of the lower body in women with low bone mass, which resulted in difficulties with comparing our data with those obtained by others. However, Sugiyama et al. state that the iEMG readings for the lower extremities were significantly lower during NW than during level walking in healthy adults who regularly engaged in physical activity in their daily lives. The authors suggest that the use of poles in NW attenuates the muscle activity of the lower extremities during the stance and push-off phases [23] . Similar results were obtained by other researchers who assessed the effect of Nordic pole walking on the electromyographic activities of upper and lower extremity muscles in adults (21.38 ±0.87 years) [24] . These authors observed that the average and maximum values for the muscle activity of the quadriceps, hamstring, tibialis anterior, and gastrocnemius muscles in the lower extremities did not show large differences in either group (walking with and without Nordic poles), and the values did not show any statistically significant differences between the groups. In conclusion, the researchers suggested that the use of Nordic poles increased the muscle activity of the upper extremities compared with regular walking but did not affect the lower extremities.
It is highly probable that the lack of statistically significant improvement in the activity of the rectus femoris, biceps femoris, soleus, and lumbar muscles in the NW group is related to the above noted observation.
On the other hand, our study has demonstrated that NW exerts beneficial effects on the activity of the gluteus maximus (157.6%) in women with reduced bone mass. To interpret the above result, it is worth paying attention first to studies on the effects of Nordic walking and walking on gait parameters.
According to Shim (2012) , when compared with walking without Nordic poles, walking using Nordic poles increased step length and the time from heel contact to foot flat while reducing the time from foot flat to heel off [25] . Similar results were also obtained by other researchers, who reported that the Nordic walking group showed an increase in cadence, stride length, and step length, in comparison with the walking group [26] .
It is possible that longer step during Nordic walking activates hip extension muscles (especially the gluteus maximus) more than other muscles in the lower extremities, which could explain the results observed. Because of the lack of studies showing the impact of Nordic walking training on the electromyographic activity of the gluteus maximus, this is only a hypothesis that must be verified in the next phase of research.
The results of the current study are important because the muscular strength of the lower extremities is a major factor affecting the stability of balance vs. falling [27] . Moreover, Nordic walking increases the stride and can be considered helpful for patients with diseases affecting gait [26] .
Further analysis showed that the training undergone by the subjects had a statistically significant influence on decreasing BM (−1.27%), as opposed to the findings for the non-active women from the CG. Our results confirm the findings presented by South Korean scientists [28] , who examined changes in body composition in three groups (Nordic walking, normal walking, and control) after the two walking groups practised walking 3 times a week, for 60 minutes, during a 12-week period. In this study, there was a significant difference in the weight of the Nordic walking group before and after the training period, which amounted to −1.67%.
In recent years, there have been several publications on Nordic walking and its effect on human health [29] . The present study extends our knowledge on the positive impact of NW training on functional muscle strength and the EMG activity of the lower body in women with low bone mass.
Conclusions
The current study proves that 12 weeks of NW training are efficient in increasing lower body strength and the electromyographic activity of the gluteus maximus as well as in decreasing body mass in women with low bone mass. These results suggest that Nordic walking training may in part contribute to clinically Pol. J. Sport Tourism 2016, 23, [88] [89] [90] [91] [92] [93] relevant improvements in muscle activities and functional lower body strength in patients with osteopenia and osteoporosis.
